Abstract: Esophageal cancer is the eight most common cancer in the world and surgical resection remains the gold standard not only in providing the optimal chance for cure but also the best palliation for dysphagia.
Introduction
Esophageal cancer is the eight most common cancer in the world and surgical resection remains the gold standard not only in providing the optimal chance for cure but also the best palliation for dysphagia. Esophagectomy is a complex operation and is associated with significant morbidity and mortality that are reported as 23-50% and 2-8% in western country (1) . In the early nineties surgeons from all over the world started to have an interest in minimally invasive esophagectomy (MIE) and in finding a way to reduce the rate of complications (2) . The results of these experiences were affected by the use of different surgical techniques but is now widely clear that mini-invasive approach reduces morbidity and mortality after esophagectomy. Patients operated with MI techniques reported better global quality of life, physical function, fatigue and pain at 3 months after surgery (3) . Furthermore, in the last fifteen years, we have witnessed the rising of the robotic approach. However, if in some cases, such as prostatectomy, minimally invasive techniques are routinely used and the robotic approach is mandatory, in other cases the situation is completely different; this is the case of esophagectomy: only 15% of cases of esophagectomy worldwide are performed by using the conventional thoraco-laparoscopic or robotic approach (1) . The aim of this paper is to review the available literature on MIE and robotic assisted minimally invasive esophagectomy (RAMIE) and check the advances in these techniques.
"esophagectomy" and "robotic assisted" and their synonyms and abbreviations. No additional search software or special features were used. The search was limited to papers describing original patient data series >10 patients, written in English, ongoing or completed trials, reviews and metaanalyses. Three "milestone" studies have been quoted because they proposed innovative surgical techniques in open, mini-invasive and robotic assisted esophagectomy (2, 4, 5) . The final search was performed on July 1st 2017. The investigators (M Taurchini and A Cuttitta) independently performed article and articles selection procedures. The results of the search and the selection process were summarized in a flow chart (Figure 1) . Eightytwo studies were collected, out of which 42 were analyzed.
Open esophagectomy and minimally invasive techniques
At moment no gold standard technique exists for esophagectomy. The choice of the technique depends on several factors; location of tumor and surgeon's experience are probably the most relevant. Transthoracic esophagectomy (TTE) (Ivor-Lewis and McKeown TTE) remains the most used approach for the surgical management of resectable localized esophageal cancer. It provides a transthoracic en bloc esophagectomy with an extensive mediastinal lymph node dissection. Transhiatal esophagectomy (THE) has been proposed to reduce the high incidence of morbidity (4 (36, 37) . The authors report the operative outcomes of robot-assisted thoracoscopic e s o p h a g e c t o m y w i t h e x t e n s i v e m e d i a s t i n a l lymphadenectomy for intrathoracic esophageal cancer. As many as 114 consecutive patients who underwent RAMIE with lymph node dissection along recurrent laryngeal nerve (RLN) followed by cervical esophagogastrostomy were enrolled in the study. The mean number of RLN nodes was 9.7±0.7. The most common complication was RLN palsy (26.3%), followed by anastomotic leakage (14.9%) and pulmonary complications (9.6%). The 90-day mortality was observed in three patients (2.5%). At multivariate analysis, preoperative concurrent chemoradiation was a risk factor for pulmonary complications. In extensive mediastinal lymphadenectomy, Broussard et al. (38) Causes for these high rates were identified in anastomotic complications and wrong selection of patients. Therefore, corrective actions were taken. First, a stapled anastomosis was done in the following experience instead of the previous hand sewed one. Moreover, more attention was given to preoperative selection of the patients especially after neoadjuvant chemotherapy. Nutritional status and cardiopulmonary performance were carefully evaluated before surgery. In patients with an history of significative abuse of alcohol, a hepatic biopsy was always performed at the start of the operation and the planned surgery was aborted in case of cirrosis. However, the technical aspects of intrathoracic gastroesophageal anastomosis are quite d i f f i c u l t t o e x p l a i n . I n f a c t , d u r i n g I v o r-L e w i s esophagectomy, it is very uncomfortable and difficult to perform a hand sewed anastomosis with conventional thoracoscopic technique even for very skilled surgeons. In RAMIE, the utilization of EndoWrist instruments, the deeper high definition 3D vision, the motion scaling and tremor filtration make a hand-sewn intrathoracic anastomosis possible and easier to accomplish. Trugeda and more recently Bongiolatti (40, 41) , published personal series of RAILE with hand-sewn intrathoracic esophagogastric anastomosis without increased incidence of leakage, stenosis or prolonged operative time. A published survey by Haverkamp et al. (20) shows that nowadays the preferred technique of anastomosis is to stapler the thoracic anastomosis and to hand-sew the cervical ones.
Conclusions
Esophagectomy is a complex and time-consuming procedure and it is associated with significant morbidity and mortality. As with other major procedures, surgeons have strived to increase the safety and efficacy of the procedure by employing minimally invasive techniques. Over the past 20 years, numerous papers regarding safety and efficacy of MIE were published, and it is clear nowadays that postoperative short and long-term results of conventional thoraco-laparoscopic MIE are similar to open esophagectomy. The role of robotic assistance is not well established, as this is more controversial. While direct clinical benefits to the patient may be difficult to clarify, benefits to the surgeon in terms of ease of the surgical performance and potential decrease in chronic work-related trauma and injuries may be significant. Another major challenge is to define what the robotic assistance is, since most of the reports on RAMIE use hybrid techniques using the robot only for some part of the procedure. It is therefore very difficult to compare the outcomes. In conclusion, robot-assisted resection for esophageal cancer is feasible, but a real benefit has not yet been demonstrated due to the limited number of randomized trials about RAMIE and lack of long-term oncological data (42) . Despite its limitations and disadvantages there is little doubt that robotic assistance is here to stay. However, as esophagectomy is a challenging procedure teaching programs and proctoring are mandatory.
As an example, a systematic teaching program in RAMIE at the Memorial Sloan Kettering Cancer Center in Pittsburgh started in 2014 and has reported excellent outcomes with increasing proficiency over the course of the surgeons' learning curve (34) .
